Abstract This study describes relationships between awareness of physical activity (PA) promotion and duration of PA and sedentary behavior (SB) in elderly Japanese. Following a community-wide intervention, 874 individuals 65 years or over were selected via population-based random sampling of 3,000 adults aged 20 years or over living in Fujisawa City, and asked to complete self-administered questionnaires; 550 responded and 373 with data on pertinent variables were included. Forty-eight percent (179/373) stated that they recognized elements of the Japanese PA guidelines such as the "Active Guide" and "+10 (plus ten)." The median duration of PA, of intensity at least equal to walking, and SB among all participants were 100 minutes/ day and 300 minutes/day, respectively. Duration of PA did not significantly differ by promotion awareness (Odds Ratio (OR) for ≥100 minutes/day among those aware = 1.02, 95% Confidence Interval (CI) = 0.65-1.62); however, duration of SB did (OR for <300 minutes/day = 1.60, 95% CI = 1.01-2.53). Awareness of PA promotion in elderly Japanese is related to decreased SB, but not increased PA of intensity at least equal to walking.
Background
It is well known that in elderly people aged 65 years or older, physical activity (PA) and exercise improve physical and social function 1, 2) , and that physical inactivity and sedentary behavior (SB) pose an important public health problem 3, 4) . Lee et al. (2012) estimated that physical inactivity causes 6-10% of the major non-communicable diseases such as coronary heart disease, type 2 diabetes, and breast and colon cancers 3) . SB has been defined as any waking behavior characterized by an energy expenditure ≤1.5 metabolic equivalents (METs) while in a sitting or reclining posture 5) . It has been reported that SB is associated with all-cause mortality, cardiovascular disease, diabetes, and cancer risk 4) . Worldwide, about one-third of adults are physically inactive, and inactivity increases with age in all WHO regions 6) . The situation is the same in Japan: the average number of steps per day in people aged 15 years and over decreased by about 1,000 steps in 2009 compared to 1997 (male: from 8,202 to 7,243, female: from 7,282 to 6,431), and this decrease in step count is similarly seen in elderly people 7, 8) . According to Honda et al., the mean time in SB of Japanese elderly people aged 65 years and over, evaluated by a triaxial accelerometer, was 486.9 ± 124.4 min/ day, which represented 60.2 ± 12.5% of wearing time (time that the accelerometer was attached) 9) . As SB tends to be more prevalent and of longer duration in elderly people than in young people 10) , it is a problem to be solved not only by efforts to promote PA, but also efforts to reduce SB.
In Japan, the Ministry of Health, Labour and Welfare published the official Japanese PA guidelines for health promotion, the "Active Guide," in 2013. The "Active Guide" recommends moving for 40 min per day without specifying intensity for Japanese elderly adults (65 years or over) 11) . However, it may be difficult for elderly people who are inactive to achieve the recommended amount of physical activity of 40 min/day. Therefore, the *Correspondence: ttajima@keio.jp "Active Guide" also recommends the key message "+10 (plus ten): Be active for 10 more minutes than now" as an action that everyone can start immediately 11) . A metaanalysis suggests that the risk of locomotive syndrome and dementia can be reduced 8.8% by an additional 10 minutes of body movement 12) . In other words, it is recommended that everyone should start from "+10 (plus ten)", and then, as their self-efficacy increases, they should set a target of 40 min/day 13) . However, according to Sugiyama et al. awareness of the "Active Guide" is low (9.1%) 14) . Physical activity guidelines for elderly people aged 65 years and over have been developed in many countries around the world, and the recommended durations for aerobic activity are similar to those in the "Physical Activity Guidelines for Americans" released in the United States in 2008 and "Global Recommendations on Physical Activity for Health" released by WHO in 2010 2, [15] [16] [17] [18] [19] . To promote PA and reduce SB, it is, first of all, important to be aware of PA guidelines and their promotion, as shown by Baker's logic model 20) . In previous research around the world, few studies have examined the relationship between awareness of PA guidelines and PA [21] [22] [23] [24] . These studies were primarily targeted at adults, and few have focused on the elderly. The "Active Guide" recommends PA without specifying intensity for Japanese elderly adults 11) . Thus, it is important to obtain findings specifically related to the elderly on the relationships of awareness of PA guidelines with PA of moderate to vigorous intensity, and of SB.
In this study, we compared elderly adults who were aware of the PA promotion with those who were not, in terms of PA and SB levels, through a questionnaire in Fujisawa City.
Method

Participants
This was a population-based cross-sectional study conducted in Fujisawa City in June 2015. We had conducted a community wide PA promotion utilizing the "Active Guide" and "+10 (plus ten)" from 2013 to 2015 to promote PA of community-dwelling elderly in 4 districts of Fujisawa City 25, 26) , Japan. This community-wide PA promotion comprised information dissemination, education, and community support. Fujisawa City is located in the southern middle of Kanagawa Prefecture and is about 50 km southwest of Tokyo. The survey was administered by Fujisawa City, in cooperation with Keio University. A total of 3,000 Fujisawa citizens were randomly selected, stratified by sex, age, and population ratio by district, based on the Basic Resident Registration (an enumeration of every residence in Japan managed by the national government and prefecture) as the sampling frame. In total, 3,000 people, aged 20 years and over were selected and mailed a questionnaire. In this study, adults aged 65 years or older who answered this questionnaire survey were targeted. The questionnaire was sent to 874 elderly people aged 65 and over, of whom 550 returned questionnaires. Those who had missing values in the outcome variable used in this study (i.e., awareness of PA promotion) were excluded, leaving 373 participants to be included in this study. Questionnaire questions have been previously used by Saito et. al 25) .
Measures
Definition of awareness of PA promotion
To assess awareness of PA promotion such as the "Active Guide" or "+10 (plus ten)" we asked the following question in Japanese. "Have you ever seen or heard about pro- 115 JPFSM : Physical activity promotion in elderly Japanese motions ['Active Guide' or '+10 (plus ten: Be active for 10 more minutes than now)'] that encourage exercise and physical activity, as shown in the pictures?" (Fig. 1 ). If they answered yes, they were categorized into the "aware group," while if they answered no, they were classified into the "not aware group."
Calculation of duration of PA and SB
Daily duration of PA was the sum of self-reported time spent in exercise and activities with intensities at least equivalent to walking, per day. The validity of responses to this question was evaluated by comparing the responses to daily PA level measured by accelerometers, and a moderate correlation was obtained 26) . Respondents were asked about the frequency per week (5-7 days, 3-4 days, 1-2 days, not at all) and duration per day of exercise. The mean duration per day of exercise was calculated by multiplying the frequency per week (6, 3.5, 1.5, and 0 times/ week, respectively) by the duration of exercise per day, and dividing that by 7 26) . Duration of PA in activities of daily living was measured as daily total duration (min/ day) of walking or PA with equivalent or higher intensity (not including walking for exercise, described above) in daily living.
Daily duration of SB was the reported total time spent sitting or lying down in a typical day, such as reading books or office work; sleeping time was not included. Regarding duration of SB, we asked the same question as used in the Global Physical Activity Questionnaire 27) .
Demographic factors and other variables
Age, sex, education, employment, household income, height, weight, self-rated health, limitations in performing daily activities, medical history (stroke, heart disease), and use of medications (antihypertensive, hypoglycemic, hypolipidemic) were self-reported. Body mass index (BMI) was calculated by dividing weight measured in kilograms by the square of height measured in meters.
Statistical analysis
We used sequential logistic regression models to examine the association between duration of PA or SB as dependent variables and awareness of PA promotion as the independent variable. Duration of PA and duration of SB were divided into two categories by the median value and analyzed independently by separate regression models. In the PA model, low PA (<100 min/day) and not aware of PA promotion were set as the reference categories. In the SB model, high SB (≥300 min/day) and not aware of PA promotion were set as the reference categories. In model 1, we controlled for age and sex. In model 2, we additionally controlled for BMI, employment, education, household income, self-rated health, limitations in performing daily activities, medical history (stroke, heart disease), and medications (antihypertensive, hypoglycemic, hypolipidemic). Finally, using model 2, we imputed missing covariate data using the multiple imputation method, and created 10 complete datasets of 437 participants excluding 113 people who lacked outcome data. Then, we analyzed each dataset, and pooled the results. The amount of missing data ranged from 0.4% for the age and employment variables to 7.6% for the household income variable. We calculated the adjusted odds ratios (OR) and 95% confidence intervals (95% CI) of PA and SB. Analyses were conducted using IBM SPSS Statistics for Mac (Version 23.0, IBM Corp, Armonk, NY), and the significance level was set at 5%.
Ethics statement
The study was reviewed and approved by the Keio University Graduate School of Health Management Institutional Review Board (approval number: 2015-15). The questionnaire in this study was anonymous and return of a completed questionnaire implied consent to participate.
Results
The participants' characteristics according to awareness of PA promotion are presented in Table 1 . The proportion of participants who answered that they had seen or heard promotions ["Active Guide" or "+10 (plus ten)"] that encourage exercise and PA was 48.0% (n = 179). Compared to the not aware group, the aware group had a higher proportion of females, an older median age, and a higher proportion of those with a history of heart disease. Stage of change was significantly higher in the aware group than in the not aware group in terms of the proportion of those at the maintenance stage. Although there was no significant difference in duration of PA between the two groups, duration of SB was significantly shorter in the aware group than in the not aware group (median 240 min/day vs 300 min/day). Table 2 shows the association between awareness of PA promotion and duration of PA. Across all models, awareness of PA promotion was not associated with duration of PA [Odds Ratio (OR) = 1.02, 95% Confidence Interval (95% CI) = 0.65-1.62, Model 2). Table 3 shows the association between awareness of PA promotion and duration of SB. Across all models, awareness of PA promotion was associated with duration of SB. Awareness of PA promotion was associated with 68% higher odds of low SB [duration of SB less than 300 min/day (OR = 1.60, 95% CI = 1.01-2.53, Model 2)], compared to participants unaware of PA promotion, after controlling for covariates. The same tendency was also shown in the multiple imputation method.
Discussion
The main finding of this study was that awareness of the PA promotion was significantly and inversely associated with duration of SB. However, there was no association between awareness of PA promotion and duration of Regarding differences between the awareness and unawareness groups, age was assessed using a Mann-Whitney U test, BMI was assessed using a Student's t-test, and sex, education, employment status, household income, self-rated health, limitation in performing daily activities, medical history (stroke, heart disease), and use of medications (antihypertensive, hypoglycemic, hypolipidemic) were assessed using chi-square tests. PA of intensity equivalent to walking or higher. It is possible that those who are aware of PA promotion engaged in short bouts of lower intensity PA, thus decreasing their SB. The "Active Guide" that includes as a key message "+10 (plus ten)" recommends moving the body for a short time, regardless of intensity and number of bouts, in elderly people 11) . Earlier research showed that most of the time is spent in low intensity PA when not sitting, and there is a strong inverse correlation between SB and low intensity PA 28) . Therefore, awareness of PA promotion was associated with lower duration of SB, possibly as a result of more light intensity PA.
A possible explanation for the lack of relation between awareness of PA promotion and duration of PA, at least as intense as walking, could be that, in this study, the median of PA time obtained on the questionnaire was 100 min/ day, which was high compared to the recommended value of the "Active Guide"; hence, there is a possibility of overestimation. However, our results may indeed be valid since Kamada et al. reported that, although a three-year community-wide intervention in Japan increased daily flexibility activity, overall PA did not improve 29) . Additionally, the dose required to increase PA at the population level is not yet clear 20) . Baker et al. considered, based on the logic model, that awareness and knowledge of the promotion changed in the short-term, then beliefs and intention changed, and PA was a medium to long-term outcome 20) . Therefore, further intervention may be necessary to increase the amount of PA in Fujisawa City at the population level.
Our results indicate that about half of the elderly adults in Fujisawa City reported awareness of PA promotions. Previous studies have suggested lower rates of people who were aware of PA guidelines, ranging from 12.9% to 53.0% [21] [22] [23] [24] . One reason awareness of PA promotions showed a relatively high level compared to previous studies is that community-wide interventions have been conducted in Fujisawa City since 2013. Several different, multilevel interventions to promote PA have been done. These interventions consisted of information, education, and the delivery of community support 25, 26) . The second possibility for the high level of awareness concerns the method of questioning. Questions concerning awareness of PA promotion not only included sentences asking for recognition of words such as "Active Guide" and "+10 (plus ten)", but also pictures of "Active Guide" and "+10 (plus ten)" documents. Therefore, it is possible that participants who did not recall written cues could have remembered images and photographs better.
In summary, awareness of the PA promotion program in Fujisawa City, Japan, was related to a decrease in SB, but not an increase in walking or PA with equivalent or higher intensity in activities of daily living. Efforts to increase awareness and knowledge of PA promotion at the population level, as well as efforts to reduce SB and to improve activity level from low intensity PA, are necessary to improve and inform PA promotion.
Study limitations
Although these findings contribute to a growing area of science, there were several limitations in this study. First, both awareness of PA promotion and duration of PA and SB were based on self-report questionnaire, so that results may be susceptible to non-differential misclassification bias and decreased accuracy compared to objective data such as that provided by accelerometers. However, it is more feasible to use a questionnaire when conducting a large-scale survey. Second, this study may have induced selection bias and resulted in a biased conclusion. Although the questionnaire was sent to 874 elderly people aged 65 years or older and collected from 550 people (response rate: 62.9%), as the outcome contained missing values, the number of participants decreased to 373 people (42.7%). However, we used the multiple assignment method, and the maximum number of participants was 437 people (50.0%).
